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Both soil and water pollution occur simultaneously due to interconnection with each other. 
Whenever hydrocarbons reach ground water, it becomes difficult to remove these 
compounds from it. The polluted groundwater could threaten the life of surrounding people 
and animals depend on it as a source of drinking water. This study was carried out to 
demonstrate the ability of a selected two plants, Prosopis juliflora and Conocarpus erectus, 
to remediate hydrocarbons-polluted soils.  
This type of remediation (Phytoremediation) is both economic and environmentally 
friendly because it saves money for companies, minimizes soil erosion, as well as 
moderates the atmosphere of the surrounding area. Many studies have been conducted 
worldwide to remove petroleum hydrocarbons by phyto-techniques. The results of these 
studies showed the ability of certain plants for degrading and removing contaminants from 
soil and shallow water. However, there are limited studies that have been conducted in 
Saudi Arabia exploring the potentials of some plants to remediate contaminated soil and 
ground water. 
The results of this study showed that both plants (prosopis juliflora and conocarpus erectus) 
accelerated the dissipation of Phenanthrene, Pyrene and Fluoranthene from both soils. Most 
of the dissipation was observed in the samples collected after 30 days. Whereas a residual 
xv 
 
of phenanthrene was less than 1% and 4% in sandy soil after 30 d for prosopis and 
conocarpus respectively, and less than 5% in limy soils for both plants. While the residual 
of fluoranthene in sandy soils for both plants was less than 1% for all three levels. In limy 
soils, the residual of fluoranthene was less than 15% in low and 10% in medium and high 
levels for prosopis and less than 11% in low and medium levels and less than 4% for high 
level for conocarpus.  
A residual of 3% pyrene was detected in sandy soils for the three levels and for both plants.  
While in limy soils, the residual of Pyrene was less than 19% (in low concentration) and 
11% (in medium and high levels) for prosopis pots and less than 15% (in low and medium 
levels) and less than 6% (in high levels) for conocarpus pots.  
Also, the accumulation of these compounds by the plants was more in the roots than in the 
stems or in the leaves. Prosopis Juliflora show more ability to absorb these chemicals from 
















 عمر علي عبدهللا الحيقي:كاملم الاالس
 
 ات بواسطة التقنيات النباتيةالملوثة بالهيدروكروبون المعالجة الخضراء للتربة :عنوان الرسالة
 
 العلوم البيئية التخصص:
 
 2019أبريل  :تاريخ الدرجة العلمية
 
تصل الهيدروكربونات إلى المياه الجوفية عضهما البعض. عندما يحدث كال من تلوث التربة والمياه في وقت واحد بسبب ترابط ب
ها. يمكن للمياه الجوفية الملوثة أن تهدد حياة الناس المحيطة بها والحيوانات التي تعتمد ت من، يصبح من الصعب إزالة هذه المركبا
، على معالجة  Conocarpus و Prosopis رب. أجريت هذه الدراسة إلثبات قدرة نباتين مختارين ،  عليها كمصدر لمياه الش
هو صديق للبيئة كما أنه يوفر المال للشركات  (Phytoremediation) هذا النوع من العالج .التربة الملوثة بالهيدروكربونات
ء العالم منطقة المعنية. وقد أجريت العديد من الدراسات في جميع أنحا، ويقلل من تآكل التربة ، فضال عن اعتدال الجو المحيط بال
رة بعض النباتات على إزالة الملوثات ت قديدروكربونات النفطية عن طريق التقنيات النباتية. وأظهرت نتائج هذه الدراساإلزالة اله
العربية السعودية الستكشاف إمكانيات بعض النباتات من التربة والمياه الضحلة. ومع ذلك ، هناك دراسات قليلة أجريت في المملكة 
 .فية الملوثةالتربة والمياه الجولمعالجة 
قد سرعا من تبديد الفينانثرين  conocarpus erectusو  prosopis julifloraأظهرت نتائج هذه الدراسة أن كال النباتين 
لعينات يوما مقارنة با 30تبديد كان في العينات التي تم جمعها بعد والبيرين والفلورانثين من الترب الملوثة. وقد لوحظ أن معظم ال
٪ من الفينانثرين والبيرين  4٪ و  1٪ ،  1يوم كان أقل من  30حيث أن ما تبقى من المركبات بعد  ا,يوم 90و  60د التي أخذت بع
٪ من  3٪ من الفينانثرين و  1العالية كان لي. أيضا ماتبقى من هذه المركبات في التراكيز المتوسطه ووالفلورانثين على التوا
ن أو في ساقيتركيز هذه المركبات بداخل النباتات كان أكثر في الجذور مما هو عليه في ال بايرين. كما لوحظ أنالفلورانثين و ال
ـ  Prosopis Julifloraاألوراق. أظهر         Conocarpusقدرة أكبر على امتصاص هذه المواد الكيميائية من التربة مقارنة ب







Hydrocarbons are the organic compounds that consist of carbon and hydrogen atoms. Due 
to the increasing demand for oil products, hydrocarbons are the major source of pollutants 
in soil and groundwater environments. There are two groups of petroleum hydrocarbons - 
Aliphatic and Aromatic. Aliphatic group includes three subgroups: alkanes, alkenes, and 
cycloalkanes. While the structures of the aromatic group have one or more of benzene rings 
(Williams et al., 2006). Aromatic hydrocarbons are the most threating pollutants due to 
their toxic, carcinogenic and mutagenic properties on human health (Maliszewska-
Kordybach, 1999; Wei, 2010). Aromatic hydrocarbon pollutants are introduced to the 
environment either naturally or because of human activities such as oil extraction, spills, 
petrochemical industries and refineries...etc. (Dewulf and Van Langenhove, 2003). It 
becomes very essential to remove the toxic, carcinogenic and mutagenic aromatic 
hydrocarbons from the environment. It is known that plants are autotrophic organisms that 
produce their food by photosynthesis process and by up taking nutrients from the soil. 
Some hydrocarbon contaminants could be carried out from soil to plant roots then to plant 
tissues.  Phytoremediation is one of the remediation techniques which depends on using 
vegetation to degrade and remove pollutants (organic or inorganic) from contaminated soil 
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and groundwater (Van Epps,2006; EPA, U. 2000; Mohebbi,2012). With increasing cost of 
conventional remediation methods, environmentalists continue to research for more cost 
effective and green way for remediation. Phytoremediation methods can be classified into 
different applications based on the contaminant fate (Jadia and Fulekar,2009; Kavitha, 
2013; Van Epps,2006). Soil and water pollution are interconnected with each other. When 
oil leakage happens, vertical migration of petroleum hydrocarbons occurs, due to 
gravitational and capillary forces. Also, when hydrocarbons reach water, it becomes 
difficult to treat and remove these compounds from groundwater. The polluted 
groundwater could become a threat to life of surrounding ecosystems and people who 
depend on groundwater as a source of drinking and daily-use water. Contamination from 
PAHs is not limited to groundwater. Seashores sediments have also been reportedly 
polluted by polycyclic hydrocarbons from anthropogenic activities near to the sea, where 
Mostafa et al. (2009) assessed the status of PAHs in the sediments of Hadhramout coastal 
areas near to anthropogenic activities. They found that the concentrations of PAHs in a 
range from 2.2 ng/g to 604 ng/g, where the highest concentration was near Al-Dhaba 
petroleum terminal. Saudi Arabia depends on groundwater as a major source of drinking 
and irrigation water. Also, it is one of the largest producers of oil around the world. 
Therefore, oil leakage and petroleum contamination could happen with oil production and 
subsequent industrial activities like refinery and petrochemical industries. 
1.2 Water and water pollution 
Water is the main factor to sustain life on earth. It covers about 71% of the globe. However, 
there are a lot of people suffering from water scarcity around the world. The fresh water is 
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very limited constituting only 2.6% while the saline water is dominant with 97.4%. Also, 
not all the freshwater is available, only 0.6% of 2.6% is accessible to use (WBCSD, 2006). 
The uneven distribution of fresh water varies from one country to another. Fewer than 10 
countries possess around 60% of the world water (WBCSD, 2006), while other countries 
such as the Arabian Peninsula countries have less quantities of freshwater (FAO-
AQUSTAT,2008). 
The kingdom of Saudi Arabia is located in the Arabian Peninsula and it is the largest 
country in the Arabian Gulf region. It is one of the countries which suffers from water 
scarcity. The kingdom is in the tropical and subtropical desert area (FAO-
AQUSTAT,2008) which is almost an arid area with dry wind. The major source of water 
are groundwater aquifers which represent more than 80% of its water resources (Figure 1). 
Agricultural activities are considered the highest consumer of water in Saudi Arabia 
compared to other sectors such as industrial and municipal (Figure 2). 
Groundwater and soil contamination are always related to each other, which means that 
soil contamination could affect water through leachates from soil to the aquifer. Pollutants 
could reach to the soil and groundwater from different sources. There are two sources of 
soil and groundwater hydrocarbons pollutants, natural and man-made. Anthropogenic 
activities are the main source of soil and water pollution. It includes spill and leachate of 


























Surface water and Reused treated
wastewater.
Groundwater.
(The state of the environment, 2016)
Figure 1: Water withdrawal by source in Saudi Arabia for 2015 
Figure 2: Water withdrawal by sector in Saudi Arabia for 2015 
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1.3 Petroleum hydrocarbons 
Petroleum hydrocarbons are classified as carcinogenic compounds and thus they have 
adverse health effects (William et al., 2006; Alinnor et al., 2014). Petroleum hydrocarbons 
could be released to the environment deliberately or accidentally from industrial activities 
(e.g. oil production and refinery). 
When petroleum hydrocarbons reach to the environment, there are three mechanisms of 
petroleum hydrocarbons fate: volatilization, runoff to surface water and infiltration to the 
groundwater through soil (Alinnor et al.,2014). 
Petroleum hydrocarbons are classified into two main groups: Aliphatic and Aromatic. 
Aliphatic group includes three subgroups, alkanes, alkenes, and cycloalkanes. Alkane 
group (CnH2n+2) is a group that contains single bonds between carbon atoms. Alkenes 
(CnH2n) is a group that contains one or more bonds between carbon atoms. The last group, 
cycloalkanes, contains carbon atoms in cyclic structures.  
The second main group of hydrocarbons is aromatics, which has structure containing one 
or more benzene rings. A group that contains only one benzene ring in its structure is called 
monoaromatic group. An example of monoaromatic hydrocarbon is BTEX (benzene, 
toluene, ethylbenzene, and xylenes), which is considered one of the famous common 
aromatic compounds in crude oil and it represents about 2 percent of crude oil weight. On 
the other hand, the group of aromatic hydrocarbons that contains two or more benzene 
rings in their structure is called polycyclic aromatic hydrocarbons (PAHs) and it represents 
approximately 1 percent of crude oil (William et al., 2006) 
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Polycyclic aromatic hydrocarbons is a famous type of petroleum hydrocarbons. PAHs are 
persistent organic pollutants that are resistant to degradation, and they tend to remain in 
the environment for long times (Das. M & Adholeya. A 2012). Bejarano & Michel (2010) 
reported that most of the samples that collected after 12 years of Gulf war oil spill had a 
high percentage of PAHs. PAHs are hydrophobic and non-volatile compounds because 
they have non-polar structure. Furthermore, these compounds have high molecular weight 
that results in volatilization decrease.  Also, most of them have low leaching potentials 
(Aprill & Sims,1990).  
The main input sources of PAHs are leaches from old storage tanks, road surfaces, 
domestic waste; oil spills; tanker leakage; incomplete fossil fuel combustion; and seepage 
from natural oil reservoirs (Das. M & Adholeya. A 2012) 
PAHs are classified as a potential source of adverse environmental problems. United States 
Environmental Protection Agency (EPA) and The European Commission have listed PAHs 
as one of the six priority pollutants due to their strong effects such as mutation, 
carcinogenic, and toxic properties. There are thousands of PAHs, but in practically 6-16 
compounds have been determined as shown in Table 1. Naphthalene is the simplest conger 
of the 16 priorities of PAHs. I t is a white solid, easy to evaporate and easy to burn if it 
mixed with air. Pyrene is one of the most famous types of PAHs compounds, which is 
produce from incomplete combustion of organic materials especially oil and oil products. 
Pyrene is a colorless and biodegradable four-ring PAH. Despite making one of the PAHs 
list of priority, pyrene is not carcinogenic, but it is intermediately toxic because it can 
transform to benzo pyrene (BaP) (D'Orazio et al., 2013). BaP is an indicator of the presence 
of PAHs in the Environment (Tsibart & Gennadiev, 2013). It is a highly carcinogenic 
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conger with less water- solubility, less volatility and high lipophilicity because of its high 
molecular weight (US Environmental Protection Agency, 1999; Tsibart and Gennadiev, 
2013). 
1.3.1 PAHs in Saudi Arabia 
There are very little studies about the distribution and concentration of polycyclic aromatic 
hydrocarbons (PAHs) in Saudi environment. Despite the scarcity of research, there are 
some studies that pioneered investigation of PAHs presence in the environment of Saudi 
Arabia. 
El-Saeid and Sapp, (2016) investigated the distribution of six compounds of PAHs that are: 
Fluoranthene (Flt), Pyrene (Pyr), Benzo(a)pyrene (BaP), Benzo(k)fluoranthene (BkP), 
Indeno(1,2,3-cd) pyrene (IP), and Benzo(ghi)perylene (BgP) in the soils of Riyadh city. 
The sum of the previous PAHs ranged from 30.5-1016.6 ng/g with an average of 286.6 in 
surface samples (0-5 cm) and from 25.5-1501.7 ng/g with an average of 287.9 ng/g in 
subsurface samples (5-10 cm). According to this study, the level of Pyrene was the highest 
with 87.95 ng/g at the surface (0-5 cm) and 75.97 ng/g at the subsurface layers. 
El-Mubarak et al., (2014) assessed the occurrence of PAHs in the ambient air of Riyadh. 
This study focused on PM10 as a tool to identify the occurrence of PAHs in the ambient 
air of Riyadh. The corresponding average PAH concentrations in particles matter (PM10) 
were in the range of 18±8 to 1,003±597 ng/m3 and the total concentrations (total PAHs 
(TPAHs) of 17 compounds) varied from 1,383 to 13,470 ng/m3 with an average of 
5,871±2,830 ng/m3.  
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PAHs were not only detected in ambient air but also in the indoor dust of Jeddah city where 
pyrene was found as one of the major chemicals in indoor dust samples. Samples were 
collected from Cars, Air Condition (AC) filters, and household floor dust (Ali et al., 2016). 
Another study was conducted by Qari & Hassan (2017) to investigate the presence of 
Polycyclic Aromatic Hydrocarbons (PAHs) at seashores of Jeddah city. Samples were 
collected from water and algae tissue and have been analyzed as shown in Table 2. The 
results show different concentrations of PAHs with an increasing concentration trend in 
correlation to human activities. 
 
 
Table 1: US EPA's priority compounds pf PAHs with phisical and chemcal properities 




1.4  Phytoremediation 
Phytoremediation is the term used to describe technologies that make use of vegetation to 
degrade and remove pollutants (organic or inorganic) from contaminated soil and 
groundwater (Van Epps, 2006; EPA, U., 2000; Mohebbi, 2012). The term 
phytoremediation was coined in 1991 after conducting many researches about 
accumulation of contaminants in plant’s body. The term comes from two words - phyto 
meaning plant and remediation meaning remediate or correct (EPA, U, 2000).  
Phytoremediation is a cost-effective technique that uses vegetation for in-situ remediation 
and degradation of contaminants in soil and water (Schnoor, 1997). Also, it was defined 
Table 2: Concentrations of some PAHs in sediements and algae tissues at seashores of Jeddah 
city 




by Hinchman et al., (1996) as “the engineering use of green plants including grasses, herbs 
and woody species, to remove, contain, or render harmless environmental contaminants 
such as heavy metals, trace elements, organic compounds, and radioactive compounds in 
soil or water”. 
1.4.1 Mechanisms of Phytoremediation 
Several mechanisms are often involved in using vegetation to remediate and remove 
contaminants from the contaminated sites Figure 3. These include: 
i. Phytodegradation: refers to the breakdown of contaminants after been absorbed by 
the plants, where organic matter breaks down and degrades (metabolized) inside 
plants with the presence of specific enzymes that enhance the degradation. 
ii. Rhizodegradiation: where the plant might help to enhance the degradation of 
contaminants in the roots zone by bacteria before been taken by plants. 
iii. Phytoextraction: also called phytoaccumulation which means the ability of specific 
plants (called hyperaccumulator) to absorbed translocation and accumulate 
contaminants (organic and inorganic) in the plant's body, then harvest them and 
dispose of either by burning or even landfill. 
iv. Phytorhizofiltration: is similar to phytoextraction. The difference is in the location 
of accumulation of contaminants. In this case the pollutants accumulate in roots. 
v. Phytovolatilization: employment of transpiration process to remove pollutants by 
















The growth of plants in arid and semiarid are affected by some factors such as high 
temperature, low precipitation, high evaporation, high salt concentration and high-velocity 
winds. Because of the drought and salinity conditions, organic contaminants contribute to 
several environmental problems in arid regions (Padmavathiamma et al. 2014). 
In plants, the toxicity of PAHs is highly noticeable even at lower concentrations resulting 
in reduced up-growth due to inhibited embryonic development (Ferrera-Cerrato et al. 
2006). Root inhibition and produce shoots with reduced plant biomass were observed in 
plant seeds that are vegetated in PAHs contaminated soil (Cheema et al. 2010). 
(Favas et al..,2014) 
Figure 3: Schematic representation of phytoremediation mechanisms 
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Despite many researchers assumption that there is a positive correlation between the plants 
growth during germination and lagging growth stages in contaminated soils (Chaineau et 
al. 1997), Smith et al. (2006) disproved this belief. Leguminous plants showed good 
germination in PAHs contaminated soil, but later there were stunted growth, late flowering, 
white spots and other signs.  
Soil bacteria have the ability to consume these pollutants once they have the appropriate 
environment. Root exudates could play a major role in the dissipation of organic 
contaminants (Martin et al.,2014). Where plant roots release enzymes, energy, carbon, 
nutrients and oxygen to encourage the growth of microbes in Rhizosphere zone. These 
exudates and enzymes can increase the workability of microorganisms through increasing 
the density, population and activity, and diversity of microorganisms furthermore to 
enhance the degradation of petroleum hydrocarbons (P.E. Ndimele, 2010). 
1.4.2 Advantages and Limitations of Phytoremediation 
Phytoremediation processes are distinguished from other in-situ applications because they 
do not require the excavation of soil or pumping of water to the surface for remediation. 
Also, it is easy to apply to a wide range of pollutants such as heavy metals, organic 
substances, and radionuclides (McIntyre, 2003). Another main advantage of 
phytoremediation is its cost-effectiveness. According to Rock & Sayre (1998), using 
phytoremediation to clean up per m3 will cost around $162 compared to $810 per m3 for 
excavation and incineration. Phytoremediation could be used to reduce or eliminate 
secondary air or water born wastes.  
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Despite the numerous advantages of phytoremediation, there are some limitations for 
implementing it. Phytoremediation is restricted to specific types of plants. Not all types of 
plants can tolerate and remediate pollutants. Phytoremediation techniques are applicable 
with a limited concentration of contaminants and could be used as a second method after 
other clean-up technologies have been implemented. Another main disadvantage of 
phytoremediation is that it takes a long period of time compared to physical, chemical and 
thermal techniques. Also, it is difficult to remediate sites if the contaminants are deeper 
than three meters (McIntyre, 2003). 
1.5 Problem statement 
PAHs represent two categories of contaminants that are of serious environmental concern. 
There are thousands of PAHs that have varied toxicity and behavior in the environment. 
They belong to the group of persistent organic pollutants (POPs). Where they tend to 
remain in the environment and persist the degradation (Maliszewska-Kordybach, 1999). 
Polycyclic Aromatic Hydrocarbons are ever-present in the environment and have both 
natural and anthropogenic sources such as leaches from old storage tanks, road surfaces, 
domestic waste, oil spills, tanker leakage, incomplete fossil fuel combustion, and seepage 
from natural oil reservoirs (Das. M & Adholeya. A 2012). 
Long-term exposure to PAHs can cause cataracts, kidney and liver damage, jaundice, 
increased risk of cancers of the skin, lung, bladder and gastrointestinal tract (South 
Australia Health Scientific Services, 2009). 
Different physical and chemical methods of remediation are available for organic 
contaminants. These methods have varied levels of removal and often are too costly. For 
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example, the use of thermal, adsorption, photochemical and physicochemical processes for 
the treatment of PAHs are effective and fast (Nkansah, 2012), but the high energy demand 
of these processes are a concern. Consequently, there is a need for a more environmental-
friendly and cost-effective technique for remediation of both organic and inorganic 
contaminants. 
1.6  Significance of the study 
Phytoremediation is a relatively new technology which recently received attention. 
Phytoremediation term was coined in 1991. While it was introduced to Saudi Aramco in 
2002 (Envirorisk, 2002), the studies of phytoremediation in Saudi Arabia are very limited. 
One of the main limitations of implementing phytoremediation is that not all plants have 
the ability to remove the pollutants and tolerate the harsh weather of Saudi Arabia. 
Conocarpus and Prosopis are unique plants which grow in dry regions. Studies about the 
ability of Conocarpus and Prosopis to remediate polluted soil/water environments are 
scarce. In this study, the C. Erectus and P, juliflora will be used to clean up and remove 
hydrocarbons from soil.  
The expected output of this study is to expand scientific knowledge about the applicability 
of Conocarpus and Prosopis trees to remove hydrocarbons from contaminated soil and 
groundwater in arid areas. The success of this study will help hydrocarbon-producing 
companies to sustain the environment and reduce the adverse effects of accidental spills of 














1.7 Objectives  
• To evaluate the ability of a green and environment-friendly approach to clean 
contaminated sites instead of conventional remediation methods. 
• To determine which type of phytoremediation mechanism is more feasible to 
remediate petroleum hydrocarbons. 
  






2.1  Phytoremediation approaches  
Petroleum hydrocarbons consist of several compounds that have adverse effects on the 
environment. Phytoremediation techniques have been applied to remediate various types 
of petroleum hydrocarbons that contaminated soil and water. For example, Shahsavari et 
al., (2016) lists some research about the efficiency of using grasses to remediate 
contaminated sites (Table 3). 
Most of the studies of phytoremediation focused on using grasses and legume plants 
because they show effective ability to remediate organic and inorganic contaminants. This 
is due to their root systems which have the maximum root surface area (per m3 of soil) and 
3m depth compared to any plant type (P.E. Ndimele, 2010). 
Despite legumes plant have advantages against other plants to remediate and grow in 
petroleum-contaminated soils, Kaimi et al. (2007) found that the red clover (leguminose) 
have poor growth in contaminated soils. 
Aprill and Sims (1990) used a mix of eight prairie grasses in their study to degrade certain 
types of PAHs (benzo(a)pyrene, benzo(a)anthracene, dibenzo (a, h) anthracene and 
chrysene). They claimed that the extent of disappearance of PAHs types was significant in 
planted areas compared to control areas. 
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Yateem et al., (2000) and Adam and Duncan, (2002) show that legume plants have the 
ability to grow in soil contaminated with petroleum hydrocarbons. The researchers 
observed that the amount of diesel fuel reduced in sites planted by legume plants compared 
to the ryegrass planted soil. Huesemann, et al, (2009) found that eelgrass reduces the 
concentration of PAHs and PCBs by 73% and 60% respectively. 
Al-Surrayai et al., (2009) reported that using Conocarpus lancifolius trees to remediate oil-
contaminated soil shows a decrease in concentration of the TPH. At the beginning of the 
study, the concentration of TPH in the soil was 5600 ppm, but after three growing seasons 
the concentration of TPH was dropped by 85.7% in the rhizosphere soil of the plant to 
reach 800ppm. But it is known that TPH has some volatile compounds that could be 
evaporated from the soil with time. Also, the Kuwaiti weather is too hot, which could 
accelerate the volatility of some compounds.  
Another research done by Moreira et al., (2011) showed that using Rhizophora mangle L. 
to remediate a site contaminated by Total petroleum hydrocarbons was very efficient. As 
a result, 87% of the TPH was removed by the plant. Moreover, large growth of plants was 
reported despite they are exposed to the contaminated site compared to the plants in the 
reference sediment. This high rate of contaminant removal was due to the adaptation of 
bacteria and their consequent large growth in the Rhizophora mangle L rhizosphere. 
Many studies on the degradation of PAHs using plants have been conducted last few years. 
Kosnar et al, (2018) used Maize to remove PAHs from soil amended with PAHs- 
contaminated fly ash and soil contaminated by PAHs. They found that PAHs removing 
from the soil amended with fly ash was higher than in soil contaminated with PAHs only. 
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In addition, there no adverse effects were observed on maize during the experiment period 
120 d. 
Afegbua & Batty (2018) reported that, Phenanthrene and fluoranthene dissipation were 
slightly greater or equal to those of unplanted control. 
Some researches have been conducted to study the degradation of one or more of PAHs in 
the soil. D'Orazio et al (2013) investigated the capability of three plants (Medicago sativa, 
Brassica napus, and Loloum perenne) to enhance the degradation of pyrene in pyrene 
contaminated soil. According to their results, they recognized a decrease in pyrene 
concentration, with 32, 30, and 28%, for the three plants respectively compared to 18% in 
the control soil after 90 days. LIN, Q (2005) investigated the uptake and accumulation of 
phenanthrene (Phe) and pyrene (Pyr) in roots and shoots of Lolium perenne L. The results 
reported that minor uptake of Phe and Pyr from soils to roots and shoots. It was also 
reported that increase the concentrations of both compounds inside the plant’s roots with 
increase their concentrations in the soil. 
Wang et al. (2012) planted ryegrass and alfalfa in three pyrene contaminated soils (quartz 
sand, alluvial and red soils) amended with compost. This study extended for 90d growth, 
and it reported that the degradation percentages of pyrene in three types of soils planted 
with ryegrass and alfalfa and amended with compost were 98-99%, and 97-99%, 
respectively. However, the percentages of degradation for those planted with ryegrass and 
alfalfa without compost were 91-96%, and 58-89%, respectively. The degradation 
percentages were 54-77% and 51-63%, respectively, for the unplanted soils but amended 
with and without compost. 
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Gao & Zhu (2005) used twelve species of plants to uptake and remediate soil contaminated 
by phenanthrene and pyrene. The remaining concentration of phenanthrene and pyrene 
after 45d growth were 8.71-16.4 and 44.9-65.0 mg/kg out of 133.3 mg/kg phenanthrene 
and 171.5mg/kg pyrene at the beginning of the study. This remaining (8.71-16.4 and 44.9-
65.0 mg/kg of phenanthrene and pyrene, respectively) is 4.7-49.4% and 7.1-35.9% lower 
than their concentration in unvegetated soils. PAHs don't always have a negative impact 
on plants, sometimes PAHs with low concentration could enhance the growth and increase 
the biomass of the plant (Sun et al., 2011). 
Sivaram et al (2018) found that plants with C4- carbon fixation pathway have the ability to 
degrade High molecular weight (HMW) compounds of PAHs more than plants that follow 
C3 carbon fixing pathway. 
Some researchers have reported that there are some plants that are effective in heavy metals 
removal but are not as good in remediating petroleum hydrocarbons. Marchand et al. 
(2014), reported that using alfalfa to clean contaminated site with petroleum hydrocarbons 
was insignificant and it showed a decrease in alfalfa plant density. Schnoor (1997) 
presented a list of 15 field sites where phytoremediation techniques were successfully 
applied. Although phytoremediation resulted in more than 90% reduction and removal of 
the contaminants in many of these locations, it also showed a location where more than 
95% of the phytoremediation trees died, as a result of Inclement weather, deer browse, and 
toxicity. 
The fate and uptake of organic petroleum hydrocarbons in plant’s body depend on some 
factors such as lipophilicity, acidity constant, aqueous solubility, octanol solubility, the 
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concentration of petroleum hydrocarbons and Log (Kow). Log Kow (Kow is the octanol-
water partition coefficient) plays a significant role in the uptake and transpiration of 
petroleum hydrocarbons by plants. Log Kow is used to study the affinity of the 
concentration for water against lipids and its optimum range must be from 0.5 to 3.0 in 
order for the organic petroleum hydrocarbon to be transpired by plants (Shahsavari et al., 
2016; Yu and Gu, 2006).  
Phytoremediation researches are very limited in Saudi Arabia. It was introduced to Saudi 
Aramco in 2002 (Envirorisk, 2002), and since then most of the studies have focused on 
inorganic contaminants, especially heavy metals. However, there is an increasing interest 
about phytoremediation performance to remove organic compounds from soil and water. 
For example, there is a report about using six types of plants to remediate soil contaminated 
by hydrocarbons for seven months. The results of this study showed decrease in the 
concentration levels of n-alkane by bernuda grass. Higher remediation rate of n-C16 to n-
C40 was observed in the reedgrass and fescue than in the Therpesia lamps trees. Also, 
there was a reduction in oil components (>90% volatile and light hydrocarbons, 75% 
reduction in the mid-range hydrocarbons, and 45-50% of heavy oil) over the study period 







(after Qiu et al., 1997) 
(after Pradhan et al., 1998) 
 
(after Ho and Banks, 2006) 
Table 3: Some studies that used grasses for phytoremediation of petroleum hydrocarbons 
(*) the result not included in (Shahsavari et al., 2016). 
Grass type Contaminants  Conditions Results 
Prairie buffalograss  PAHs Field (*) - Enhance the reduction of naphthalene concentration in clay soil. 
- Kleingrass (Panicum coloratum) appeared a greater ability to remove PAHs from 
rhizosphere soil compared with other grasses. 
- No evidence has shown of PAH bioaccumulation in grass tissues after analyzing. 
Kleingrass  




Little Bluestem grass  




• Controlled environments. 
 (*) The study shows reduction in t-PAHs 57, 56 and 47 % respectively. Also, it 
shows reduction in c-PAH 30, 28 AND 28% respectively.  
Tall fescue  Benzo [ a] pyrene • Greenhouse 
• Controlled environments 
The level of residual benzo [ a] pyrene in vegetated soil was (44 %), while in the 
control soils was (53 %). 
Tall fescue  PAHs • Greenhouse 
• controlled environments. 
(*) - Increase the degradation of PAHs in rhizosphere soil. 
- Reduction of pyrene in vegetated soil at a rate 36% higher than the control area. 
- The total bacterial numbers were greater in the rhizosphere of vegetated soil 
compared to unvegetated soil. 
Tall fescue  Aroclor 1260 • Greenhouse 
• controlled environments 
• A decrease in benzo [ a] pyrene volatilization 
• Enhance mineralization, 
• Increased solvent extractability after 180 days of plant incubation. 
Rye grass  Aroclor 1242 • Greenhouse 
• Controlled environments 
 
Commercial pasture seed mixture, composed 
of annual ryegrass, legumes and vetches and 
Avena strigos 
 
PAHs Field • Their results showed that the site’s soil had returned to previous state before 
controlled fire after 8 months of monitoring. 
• Decrease the concentrations of PAHs from 398 mg/kg to 36.8 mg/kg in planted 
soil treatment.  
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2.2 Invasive plants 
The efficiency of phytoremediation depends mainly on plant selection. Invasive species 
may offer advanced phytoremediation against native species. Trueman and Erber (2013) 
reported that Potamogeton crispus has more advanced capability to accumulate estrogenic 
compounds, 66% higher than in native species 
The current research investigates the phytoremediation potential of two types of invasive 
plants in Saudi environment, Conocarpus and Prosopis. Both plants were introduced to the 
Saudi Arabia as shadow plants long time ago and adapted to the harsh weather, so some 
researchers consider them as native plants especially C. Erectus (Qados,2015). 
2.2.1 Conocarpus 
The Conocarpus is one of the fast growing and evergreen trees. There are two species in 
this genus, C. lancifolius, and C. Erectus. Somalia and Yemen are the origins of the C. 
lancifolius, where it is known as riverine trees. Also, it is grown in Sudan, Djibouti, and 
Kenya. C. Erectus is widely distributed at coastal areas in tropical America and west Africa 
like Bahamas, Brazil, and Angola (The IUCN,2016). The scientific name is conocarpus 
while the Arabic name is “Damas”. Recently, conocarpus have been grown in other 
countries as ornamental shade and windbreaks trees around irrigated farms, due to its 
ability to tolerate harsh weathers and high-water salinity (up 12000 ppm) (Abd Ali, 2014). 
In this study, we are going to use the C. Erectus which is famous in Saudi Arabia as shadow 
trees (Figure 5). C. Erectus was used to remediate soil contaminated by Pb and Cd with 
two other trees. But, it had shown lower efficiency to remediate and tolerate heavy metals 
(Qados,2015). Conocarpus was used in Kuwait after the Gulf war to remediate what war 
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left on the environment. Despite the harsh weather conditions in Kuwait, this plant present 
high ability to tolerate the weather and pollutants (Al-Surrayai et al., 2009).  
Al-Ibrahim and AlSarawi (2017) analyzed the concentration of the TPHs and the trace 
metals in six famous trees species, collected from a contaminated site with untreated 
sewage and industrial hazardous waste. Conocarpus was one of these species used in this 
research. According to their result, the highest concentration of hydrocarbons in 
conocarpus parts was in the leaves, where it ranges from 4349-1754 mg/kg compared to 
589-671 mg/kg in stems and 878-126 mg/kg in soils. 
2.2.2 Prosopis 
Prosopis is a perennial, fast-growing, often evergreen, drought resistant plant with good 
tolerance towards soil salinity. It can be found in various semi-arid areas as well as desert 
areas in the Gulf countries. Worldwide, there are about 44 recognized species of the genus 
prosopis. P, juliflora is one of the most widespread genus in the Arabian Peninsula (Figure 
6). According to Ghulam & Alshammary (2008) P. juliflora tolerated soil salinity up to 
Figure 5: Conocarpus erectus 
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39.5 dS m-1 (around 25280ppm) when irrigated with saline water (12.8 dS m-1 /8000 ppm) 
for 20 weeks. The native of this plant is central and south America, but it has been 
introduced globally to many countries such as Sudan, Yemen and the Middle East. It is 
widely used by nomads and villagers as a source of fuelwood, construction materials, and 
animal’s food. Also, some countries had used prosopis as shadow trees (Bokrezion, 2008). 
Prosopis cineraria, used with other two plants, were used to stimulate and enhance the 
degradation of total petroleum hydrocarbons in desert soil. The study showed that P. 
cineraria has the highest reduction, at 26% of TPH, on its rhizosphere soil compared to the 
rhizosphere of the other plants (Padmavathiamma et al. 2014) 
Prosopis is a legume plant, so it has advantages against non-legume plants. Prosopis lives 
in symbiotic relationship with nitrogen-fixing bacteria which enhances the degradation and 
removal of pollutants from soil, as well as increases plant biomass and soil fertility 
(Bokrezion, 2008).  





3.1 Site description and sample location  
This study was conducted on the main nursery of King Fahd University of Petroleum and 
Minerals (KFUPM), Dhahran, Saudi Arabia. One of the main targets of conducting this 
study is to mimic the real situation in the environment. So, this location was selected 
because it has irrigated system and can provided a protection from external effects, such as 
winds. Two plant species, namely Conocarpus Erectus and Prosopis Julifora (legume 
plant) selected to execute the research tasks. These invasive plants species are suitable to 
the Arabian Peninsula harsh weather and soil types.  
Figure 7: Conocarpus erectus and Prosopis juliflora in KFUPM main nursery. 
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3.2 Chemical and stock solution 
Three different PAHs compounds (Fluoranthene, HPLC grade provided by CHEM 
Service), Phenanthrene (HPLC grade, provided by Fuka AG, Chem. with a purity >97%), 
and Pyrene (HPLC grade were provided by Aldrich chemical CO. with a purity 99%) had 
been used in this experiment. 
Phenanthrene is a compound of the 16 PAHs priority with three benzene rings and 178.23 
g/mole. Fluoranthene and Pyrene are 4-rings compounds. They have the same molecular 
weight 202.26 g/mole and different solubilities 0.26 mg/l for fluoranthene and 0.132 mg/l 
for pyrene, respectively (Lei et al., 2007). Pyrene is a colorless and biodegradable four-
rings PAH. Despite making one of the PAHs list of priority, pyrene is not carcinogenic. It 
is intermediately toxic because it can transform to benzo pyrene (BaP) (D'Orazio et 
al.,2013; and Bojes and Pope, 2007). These compounds (i.e. environmental pollutants) 
were selected because they were the main representative PAHs, predominant in air, 
sediment and water, and were often existed together in contaminated environments (Lei et 
al., 2007).  
3.2.1 Preparation of Stock solution 
A 5000-ppm stock solution was prepared according to the following process: 
1) 0.5g of each of Phenanthrene, Fluoranthene and pyrene were weighted in bakers 
separately and put in 100ml flask. Acetone was added to complete the volume. 
2) The mixed solution was put in the Sonicator for around one to 2 minutes to dissolve 
the three compounds very well and reach the required concentration 5,000 ppm.  
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3) 10, 20 and 40 ml from the stock had been put in three volumetric flasks with volume 
2500 ml and the volume was completed till 2500 with acetone to get 20 ppm, 40 
ppm and 80 ppm mix of (Phe, Flu, and Pyr). 
3.3 Experimental’s soils and their characteristics 
Two types of soils (Sandy and Limy) have been used in this experiment, with no detectable 
PAH (Phenanthrene (Phe), Fluoranthene (Flu) and Pyrene (Pyr)) levels. Sandy soil was 
brought from KFUPM beach (26°06'06.3"N 50°06'37.7"E), while the limy soil was 
brought from KFUPM campus (26°18'20.5"N 50°08'41.0"E). 
3.3.1 Soil preparation and spiking 
The physico-chemical properties of the soils (Limy and Sandy) were: pH at 8.81-8.80, 
Salinity at 24.84-9.71 ppm, EC at 1656-3903 (μS cm-1), Moisture content at 0.42-0.96%, 
TN at 2.07-12.35 mg\l, and TOC at 0.00-11.96 mg\l, respectively. To assessing the purity 
and quality of the soils, XRF analysis has been measured for sandy and limy soils (Figure 
8). 
These soils were dried and sieved with a 4-mm sieve and distributed in 66 anti-rust (24x26 
cm) containers. Containers have no openings to prevent loss of the contaminants. Each 
container was filled by 4 kg of soil. 200g of the 4 kg (either limy or sandy) were put in 
glass bottles and spiked with a mix solution of Phe, Flu and Pyr, which were dissolved in 
acetone. Spiked soils were mixed thoroughly and sieved to achieve homogeneity and they 
were left uncovered in room temperature until the solvent was completely evaporated. The 




Figure 8: norm. wt. % of the elements in sandy and limy soils 
 
3.4 Experiment design 
Two types of soils (Limy and Sandy Soils) were polluted by three different compounds of 
PAHs (Phenanthrene, Fluoranthene and Pyrene) at three different concentrations (0.5, 1, 
and 2 ppm). The polluted soils have been deposited in anti-rust metallic pots. Soils were 
distributed in to twelve groups: six groups for planting conocarpus and the other six for 
planting prosopis. Each group has five plants (Figure 9). Three containers from each of the 
contaminated soil types (six containers 0.5,1 and 2 from limy and the same from sandy 































soils) were left without treatment as a control reference for comparison. Seedlings were 
irrigated every 3 days or in case of need by same amount of water for 90 days. 
3.5 Sample approach 
The experiment was conducted for three months. Twelve plants were harvested at the end 
of every months. These were 6 conocarpus (from both soil types for each of the 3 PAHs) 
and 6 for prosopis (also for the same soils and pollutants). The harvested plants were first 
separated to four parts (Soil, Roots, Stem and Leaves). The soil samples were dried and 
sieved by 4 mm sieve to remove large particles and to mix the soil together. While different 
plant’s parts were washed by tap water, deionized water. Then they were cut to small pieces 









3.5.1 Extraction of the PAH compounds from soil 
The extraction of (Phe, Pyr, Flu) in soils was conducted according to sonication method 
(EPA3550C) with some minor modifications. Briefly speaking, 5.0 g of dry soil samples 
were put in 30 ml vials and mixed with anhydrous Na2SO4. 10 ml of dichloromethane (DC) 
and Hexane (Hex) at 1:1 was added to the 30 ml vial and extracted for 30 min in an 
ultrasonic bath (Figure 10). The solution was transferred to other bottles and this process 
repeated three times. Then the extracted solution passed through with elution of 1:1 mixture 
dichloromethane and hexane. The samples were then put under fume hood to evaporate the 
solvent, and the residue transferred to 2 ml vials to get a final volume of 1.0 ml for Gas 
Chromatography (GC) analysis. 
3.5.2 Extraction of the PAH compounds from plant's tissues 
Initially, the plant tissue samples were dried, ground, and homogenized. Approximately 1g 
of dried plant fragments was weighed into a 30-ml tube and extracted by ultrasonication 
for 30 min with a 10 ml solution of DC: Hex (1:1) for 3 successive extractions.  The 
extracted samples were filtered through column of silica gel. The filtrated solution was 
concentrated by evaporation of the solvent (1:1 DC: Hex) under fume hood. The residue 





3.6  Samples Analysis 
Samples extracts (1 μl) were analyzed by Thermo Scientific Trace GC Ultra Gas 
Chromatography/Mass Spectroscopy (GC/MS) system equipped with an ISQ single 
quadrupole mass spectrometer and combined with a Triplus Autosampler (Figure 11). The 
column used was the J&W FUSED SILICA CAPILLARY COLUMN with 30 mm length, 
0.25 mm internal diameter and 1 μm thickness. Helium was used as the carrier gas (at a 
constant rate of 1ml min−1). Separation was achieved according to the following program: 
the initial oven temperature was 80 °C and hold for 1 min, then increased to 280 °C at 7 
°C min−1, and hold for 5 min. A 1.0 μl of the extract was injected in the Splitless mode. 
The injector was set at 280 °C and the detector at 300 °C. 














RESULTS AND CONCLUSION 
4.1 Response of Conocarpus and Prosopis growth to harsh weather 
and shortage of nutrients  
In order to observe the effects of PAHs on the plants, the monthly growth patterns during 
the experiment span were observed. Slow growth of C. erectus and P. juliflora in both used 
soils (sandy and limy) was observed. The length and number of leaves for the three groups 
of conocarpus plants were measured before the start of experiment after 30, 60 and 90 days 
(Figure 12, Table 4, Table 5 and Table 6). Table 4, shows increasing length of the plants 
(1-3 cm) after 30 days, while the leaves fell in two plants and increased in others. Also, it 
can be observed from the Table 5 that conocarpus plants lost some of their leaves after 60 
days compared to the leaves at the beginning of the study and after 30 days. Prosopis is 
spinal and branched plants and it has small leaves, so it was difficult to measure the length 
and the number of leaves. Photos have been taken every month to observe the growth as 
shown in Figure 13, Figure 14 and Figure 15.  
Based on the data obtained and observing that there’s no high concentrations in plant parts, 
the slow growth wasn’t because of contaminants. Shortage of nutrients and the limited 





Table 4: Number of leaves and length of conocarpus stems before spiking and after 30 days of the experiment. 
Concentration Soil T. b* (cm) T. a* L. b* L. a * 
Low (0.5ppm) Sandy 100 103 136 127 
Low (0.5ppm) Limy 90 91 122 132 
Medium (1ppm) Sandy 103 103 116 147 
Medium (1ppm) Limy 112 115 118 133 
High (2ppm) Sandy 87 88 153 159 
High (2ppm) Limy 85 86 145 104 
*T.b:  The length of the plant before starting the experiment.   T.a: the length of the plant after 30d     





Figure 12: P. juliflora and C. erectus in the nursery before starting the experiment 
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Table 5: Number of leaves and length of conocarpus before spiking and after 60 days of the experiment. 
Concentration Soil T. b* (cm) T. a* L. b* L. a*  
Low (0.5ppm) Sandy 87 87 272 46 
Low (0.5ppm) Limy 92 93 228 126 
Medium (1ppm) Sandy 92 92 120 75 
Medium (1ppm) Limy 66 67 222 134 
High (2ppm) Sandy 86 86.5 176 153 
High (2ppm) Limy 109 109 126 71 
*T.b:  The length of the plant before starting the experiment.   T.a: the length of the plant after 60d     
L.b: Number of Leaves before starting the experiment.           L.b Number of leaves after 60d 
 
Table 6: Number of leaves and length of conocarpus before spiking and after 90 days of the experiment. 
Concentration Soil T.b* 
(cm) 
T. a* L. b* L. a* 
Low (0.5ppm) Sandy 87 87 91 89 
Low (0.5ppm) Limy 89 89 110 137 
Medium (1ppm) Sandy 113 113 142 48 
Medium (1ppm) Limy 68 86 108 87 
High (2ppm) Sandy 110 110.5 142 137 
High (2ppm) Limy 82 83 110 123 
*T.b:  The length of the plant before starting the experiment.   T.a: the length of the plant after 90d     










Figure 13: P. juliflora and C. erectus after 30 days of experiment 




4.2 Concentrations of PAH’s in the soils after spike  
In order to observe the homogeneity of the PAH’s in the soil types, several samples were 
taken immediately after spike and the mean concentrations of the three compounds at all 
the three initial concentration levels in the two soil types were calculated and presented in 





Figure 15: P. juliflora and C. erectus after 90 days of experiment 
39 
 
Table 7: Mean concentrations of phenanthrene, fluoranthene and pyrene in soils after spike. 
 
 
4.3  Remediation of PAHs three compounds 
This experiment was carried out to determine the ability of P. juliflora and C. erectus to 
remove three PAH compounds, namely Phenanthrene (Phe), Fluoranthene (Flu) and 
Pyrene (Pyr) from two different soil types spiked with the three different PAH’s at three 
different initial concentration levels.  
4.3.1 Phenanthrene in soil and roots of P. juliflora & C. erectus cultivated on 
Sandy Soil 
Phenanthrene removal from sandy soil cultivated by P. juliflora & C. erectus 
Figure 16 and Figure 17 show the residual concentration of Phenanthrene (Phe) in sandy 
soil samples cultivated by P. juliflora and C. erectus taken at three different times. At low 
initial Phe soil concentration level, a residual of less than 1% and 4% (99% and 96% 
removal) of Phe remained after 30 days in the soil samples planted with P. juliflora and C. 
erectus, respectively. Moreover, the residual was <1% (99% removal) after 60 and 90 days 
for soil samples planted with C. erectus. However, in the P. juliflora, there was no further 
decline observed in the samples collected after 60 and 90 days. Meanwhile, at the medium 
initial soil concentration level, a residual of less than 1% (99% removal) of Phe remained 
 
Low Medium High 
 
Sandy Limy Sandy Limy Sandy Limy 
Phenanthrene 
(µg/kg) 
199 148.75 417.5 336.5 1168 963.5 
Fluoranthene 
(µg/kg)  
200.25 134 425 303.5 1285.5 1062 
Pyrene (µg/kg) 204.25 135.75 437.25 307.75 1269.5 1050 
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in the sandy soil samples collected after 30, 60 and 90 days. Similarly, a residual of less 
than 1% (99% removal) of Phe remained in the sandy soil samples collected after 30, 60 
and 90 days from P. juliflora and C. erectus experiments with high initial concentration 
level.  
The control experiment revealed a residual of less than 3%, 2% and 2% Phe at the end of 
the experiment for low, medium and high initial concentration levels, respectively. The 
residual of Phe in the planted treatments and unplanted control was not significantly 
different. Similar results were reported by (Afegbua and Batty, 2018). The loss of 
Phenanthrene, Fluoranthene, and Pyrene from soil could be due to biotransformation, 
biodegradation, plant uptake and abiotic dissipation including leaching and volatilization 
(Lee et al., 2008).  Leaching of PAHs was insignificant because there were no bores in the 
containers used in this study.  
Phenanthrene accumulation in the roots of P. juliflora & C. erectus  
Phenanthrene (Phe) was not detected in P. juliflora roots cultivated in sandy soil spiked at 
low initial concentration level, which were harvested after 30 days. Root samples collected 
after 60 days showed increased accumulation of Phe as the initial soil concentration levels 
increase (Figure 16). The highest accumulations were in the root samples collected after 
60 days in all the three initial soil concentration levels of Phenanthrene. The highest 
accumulation of Phe in P. roots (95 µg/kg) was in prosopis cultivated in sandy soil 
collected after 60 days. However, the root accumulation of Phe after 90 days was lower 
than that after 60 days. This might be due to translocation of Phe from roots to stem or 
might be due to transpiration process in the plant. Plant uptake of hydrophobic compounds 
mainly depends on log Kow. Compounds with log Kow >3 are bound so strongly to the 
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surface of roots and cannot be easily translocated within plants (Nwoko, 2010 and 
D’Orazio et al., 2013).  
In contrast to P.roots, Phe was detected in all conocarpus root (C. roots ) samples (Figure 
17). An increase in the accumulation of Phe in the root with time was observed. However, 




























































































Low. Soil Medium. Soil High. Soil
P.Roots low P.Roots Medium P.Roots High












4.3.2 Fluoranthene in soil and roots of P. juliflora & C. erectus cultivated on 
sandy soil  
Fluoranthene removal from sandy soil cultivated by P. juliflora & C. erectus  
Results of the removal of Fluoranthene (Flu) from spiked sandy soils are shown in  Figure 
18 & Figure 19, respectively. They show a residual of less than 1% Flu in sandy soils after 
30, 60 and 90 days in both prosopis and conocarpus experiments. Similarly, at medium 
initial soil concentration level, a residual of less than 1% Flu remained in sandy soils after 
30, 60 and 90 days in prosopis and conocarpus experiments. Meanwhile, a residual of less 
than 3% Flu remained in sandy soils after 30, 60 and 90 days in the prosopis and 
























































































Low. Soil Medium.soil High.soil
C.Roots Low C.Roots Medium C.Roots High
Figure 17: Concentrations of phe in sandy soil and C. roots 
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The control soil revealed a residual of 59%, 37.5% and 28% Flu by the end of the 
experiment for low, medium and high initial concentration levels, respectively.  
Fluoranthene accumulation in the roots of P. juliflora & C. erectus  
Fluoranthene (Flu) concentrations in the roots of P. juliflora increased with time and initial 
soil concentration level as shown in Figure 18. At low initial Flu soil concentration, no 
significant increase was observed in samples collected after 30, 60 and 90 days compared 
to the initial concentration (concentration inside the plant before starting the experiment). 
In contrast, a relatively high increase was observed in P. juliflora roots cultivated in 
medium and high soil concentration levels with increasing time and initial soil 
concentration level. The highest root concentration was 350 µg/kg in P. juliflora which 
was collected after 90 days from soil spiked with high initial concentration level.  
As depicted in (Figure 19), Flu concentration increased with time in C. erectus roots 
cultivated in sandy soils. There was no significant increase in root accumulation with 
increasing time in the samples collected after 30 and 60 days from low and medium initial 
soil concentration levels. However, high increase of Flu accumulation in conocarpus roots 
was observed with time in high initial soil concentration level. Highest accumulation of 
Flu (> 135 µg/kg) in Conocarpus roots cultivated in sandy soils was in samples collected 

























































































































































































P.Roots Low P.Roots Medium P.Roots High
Figure 18: Concentrations of flu in sandy soil and P. roots 
Figure 19: Concentrations of flu in sandy soil and C. roots 
45 
 
4.3.3 Pyrene in soil and roots of P. juliflora & C. erectus cultivated on sandy 
soil 
Pyrene removal from sandy soil cultivated by P. juliflora & C. erectus  
The results of the experiment for the removal of Pyrene from contaminated sandy soils are 
shown in Figure 20 &  Figure 21, respectively. At low initial soil concentration, a residual 
of less than 4% (>96% removal) of Pyr was observed after 30 days for both prosopis and 
conocarpus experiment in sandy soils. At the end of the experiment, this percentage was 
reduced to less than 2% and 1% in the soil cultivated by prosopis and conocarpus, 
respectively. However, at medium initial soil concentration level, a residual of less than 
3% (>97% removal) Pyr was observed after 30 days in sandy soils of both prosopis and 
conocarpus experiments. The percentage was reduced to less than 2% by the end of the 
experiment. At high initial soil concentration level, a residual of less than 3% (>97% 
removal) Pyr remained after 30, 60 and 90 days in both prosopis and conocarpus 
experiments. 
The control experiment revealed a residual of 68%, 54% and 43% Pyr by the end of the 
experiment for low, medium and high initial soil concentration levels, respectively. 
Pyrene accumulation in the roots of P. juliflora & C. erectus 
Figure 20 and Figure 21 show that the accumulation of Pyrene in the roots of both plants 
increased with increasing Pyr initial soil concentration levels as well as with increasing 
time. At low initial soil concentration level, a low root accumulation was observed after 30 
and 60 days. However, a high increase in root accumulation at medium and high initial soil 
concentration levels was observed with increasing time. The highest concentration of 
Pyrene in roots was in Prosopis contaminated with high initial Pyr-soil concentration that 
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was harvested after 90 days (>440 µg/kg) compared to (168 µg/kg) in conocarpus roots 
which was harvested after 90 days. A comparison of the root accumulation of the three 
PAH’s reveals that Pyrene was the highest in roots compared to Fluoranthene and 






















































































P.Roots Low P.Roots Medium P.Roots High




4.3.4 Phenanthrene (Phe) in soil and roots of P. juliflora & C. erectus 
cultivated in limy soil 
Phenanthrene removal from limy soil cultivated by P. juliflora & C. erectus  
Figure 22 & Figure 23 show the residual of Phenanthrene (Phe) in Limy soils cultivated 
by prosopis and conocarpus. The removal percentage of Phe was higher than 95% (< 5 
residual) in the soil samples collected after 30 and 60 days for prosopis and after 30, 60 
and 90 days for conocarpus experiment. However, in the third group of prosopis which 
was collected after 90 days, the dissipation was around 89% (residual around 11%) in soils. 
This might be due to less rhizosphere soil in some pots compared to the rhizosphere soil of 
plants collected after 60 days. Also, the reason could be that we are dealing with different 





















































































C.Roots Low C.Roots Medium C.Roots High
Figure 21: Concentrations of pyr in sandy soil and C. roots 
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Regarding the contaminated limy soil with medium initial concentration of Phe, the 
removal percentage of Phe after 30, 60 and 90 days were more than 97% for both prosopis 
and conocarpus. At high initial Phe-soil concentration level, Phe removal after 30, 60 and 
90 days was more than 96 %, 99% and 99 % respectively from prosopis pots. However, 
the removal of Phe in conocarpus-cultivated limy soil after 30, 60 and 90 days was 99% in 
all limy soil samples. 
The control experiment revealed a residual of 78%, 55% and 32% Phe at the end of the 
experiment for low, medium and high initial soil concentration levels, respectively. 
Phenanthrene accumulation in the roots of P. juliflora & C. erectus  
The results of Phenanthrene in prosopis roots revealed that there was no significant increase 
in root accumulation after 30 days Figure 22. There was a low Phe accumulation in root 
samples collected after 60 and 90 days. The highest root accumulation of Phe was in 
prosopis roots collected after 90 days from soil with high initial soil concentration level. 
The accumulation of Phenanthrene in conocarpus roots cultivated in limy soil with low 
initial soil concentrations was very low after 30 days. Root samples after 60 days showed 
an increased accumulation of Phe in conocarpus roots (C. roots) with increasing time and 
initial soil concentration levels Figure 23. However, the root accumulation of Phe at 
medium and high initial soil concentration levels slightly increased in samples collected 


































































































P.Roots Low P.Roots Medium P.Roots High
























































































C.Roots Low C.Roots Medium C.Roots High
Figure 23: Concentrations of phe in limy soils and C. roots 
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4.3.5 Fluoranthene (Flu) in soil and roots of P. juliflora & C. erectus 
cultivated in limy soil 
Fluoranthene removal from limy soil cultivated by P. juliflora & C. erectus  
Figure 24 & Figure 25 show that the residual of Flu in prosopis and conocarpus cultivated 
in soil with low initial soil Flu concentration was less than 11% and 14%, respectively after 
30 days. This percentage decreased to less than 4% and 2% after 60 days for prosopis and 
conocarpus, respectively. In the third group which was collected after 90 days, no decline 
was observed in the limy samples collected from conocarpus experiment. However, a soil 
residual of Flu in prosopis experiment (around 14%) was highest in the samples collected 
after 60 days. This might be due to less soil (rhizosphere soil) in some pots compared to 
the soil of plants collected after 60 days. Also, the fact that we are dealing with different 
plants every 30 day, and each plant has its own properties even if they are from the same 
type can be responsible for the observation.  
In the medium initial soil concentration level, that the residual of Fluoranthene in the 
prosopis and conocarpus limy soils was less than 8% and 11% respectively after 30 days. 
This percentage decreased to less than 3% after 60 days for the soil of both plants. In the 
third group which was collected after 90 days, the residual was higher in the soils of both 
plants, prosopis and conocarpus 17% and 10% respectively, than the limy samples 
collected after 30 and 60 days. This might be due to less rhizosphere soil in some pots 
compared to the rhizosphere soil in the plants collected after 30 and 60 days. The 
observation can also be ascribed to the fact that we are dealing with different plants every 
30 day, and each plant has its own properties even if they are from the same type. However, 
in the high initial soil concentration level, the residual of Flu in the prosopis and conocarpus 
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were less than 10% and 4%, respectively after 30 days. This was less than 2% after 60 and 
90 days in prosopis soils. In conocarpus pots which were collected after 90 days, the soil 
residual was less than 4%.   
The control experiment revealed that no considerable removal was observed in the limy 
soil with low initial concentration level, collected after 90 days compared to the initial 
concentration. However, the removal percentages were 17% and 34% of Flu at the end of 
the experiment for medium and high initial soil concentration levels, respectively. 
Fluoranthene accumulation in the roots of P. juliflora & C. erectus  
Figure 24 & Figure 25 show that the concentration of Flu in roots samples which were 
collected after 30 days was less than its initial soil concentration. Fluoranthene 
concentrations in P. roots increased with time and initial soil concentration levels up to 60 
days, except in the roots collected after 90 days from high initial soil concentration level. 
The highest concentration of Flu (218 µg/kg) was observed in the prosopis roots collected 
after 60 days. Flu concentration increased with time in Conocarpus roots cultivated in limy 
soils Figure 25. However, no significant increase was observed with increasing initial soil 
concentrations in roots samples collected after 30 and 60. The highest concentration of 
Fluoranthene in C. roots was observed in the roots collected after 90 days from high and 
medium initial soil concentration levels (138 and 102 µg/kg respectively). Flu was higher 
















































































































































































C.Roots Low C.Roots Medium C.Roots High
Figure 25: Concentrations of flu in limy soils and C. roots 
Figure 24: Concentrations of flu in limy soils and P. roots. 
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4.3.6 Pyrene (Pyr) in soil and roots of P. juliflora & C. erectus cultivated in 
limy soil  
Pyrene removal from limy soil cultivated by P. juliflora & C. erectus 
At low initial soil concentration level (Figure 26 & Figure 27), the residual of Pyr in limy 
soil of prosopis and conocarpus was less than 19% after 30 days, which decreased to less 
than 5% and 2% after 60 days, respectively. In the third group which was collected after 
90 days, no decline was observed. The residual in limy soil of prosopis experiment after 
90 days was close to the residual after 30 days and slightly higher than in the samples 
collected after 60 days. This might be due to less rhizosphere soil in some pots compared 
to the rhizosphere soil in the plants collected after 60 days. In addition, the observation can 
be attributed to the fact that we are dealing with different plants every 30 day, and each 
plant has its own properties even if they are from the same type.  
Meanwhile, the residual of Pyr in soils of prosopis and conocarpus spiked at medium initial 
Pyr concentration level was less than 14% after 30 days, which decreased to less than 3% 
after 60 days for the limy soils of both plants. In the third group which was collected after 
90 days, the residual was 15% and 9% (>84 % and >90% removal) Pyr in limy soils for 
prosopis and conocarpus, respectively. However, at high initial soil concentration level, 
the residual of Pyr in both prosopis and conocarpus was less than 11% after 30 days. It was 
less than 2% after 60 days and 90 days for the limy soils. In conocarpus pots, however, the 
residual of Pyr was less than 6% after 30 days. This decreased to less than 3% (>97% 
removal) in the soil samples collected after 60 and 90 days.  
The control experiment revealed no considerable removal in the limy soil at low initial 
concentration level, collected after 90 days compared to the initial concentration. However, 
54 
 
the removal percentage was 14% and 30% of Pyr at the end of the experiment for medium 
and high initial concentration levels, respectively. 
 Pyrene accumulation in the roots of P. juliflora & C. erectus cultivated in limy soil 
The results (Figure 26) after 30 days revealed that there was no accumulation of Pyrene 
(Pyr) in prosopis roots collected after 30 days. However, Pyr concentration in roots 
collected after 60 and 90 days increased gradually with time and with increasing initial 
concentration in soils. The highest Pyr concentration was 630 µg/kg in roots collected after 
90 days from prosopis cultivated in soil with high initial concentration level. In conocarpus 
experiment Figure 27, root samples after 30 and 60 days showed no accumulation of Pyr 
for the three initial soil concentration levels. However, samples after 90 days revealed high 
accumulation of Pyr in conocarpus roots harvested from soils with medium and high initial 


















































































































































































Low. Soil Medium. Soil High. Soil
C.Roots Low C.Roots Medium C.Roots High
Figure 26: Concentrations of pyr in limy soils and P. roots. 
Figure 27: Concentrations of pyr in limy soils and C. roots. 
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Overall, the presence of plants enhanced the degradation of phenanthrene, fluoranthene 
and pyrene in the vegetated soil which is similar to many studies Gao & Zhu (2005) (Liste 
& Alexander, 2000) (Bandowe et al., 2018; Muratova et al., 2003). Even it is noteworthy 
that most of phenanthrene, fluoranthene and, pyrene was dissipated after 30 days. Similar 
results were stated by (Mohan et al, 2006). They reported that higher pyrene dissipation 
took place in the rhizosphere of several plants than in the bulk soil, especially in the first 
40 days and this might be related to high microorganisms-activity during the first month. 
The dissipation of phenanthrene was much higher than pyrene and fluoranthene in 
cultivated and un-cultivated pots, which is in agreement with many other studies, 
suggesting that high-molecular-weight PAHs are more resistant to microbial attack than 
low-molecular weight PAHs (Lee et al., 2008: Juhasz, A.  & Naidu, R., 2000). 
Phenanthrene dissipation after 90 days in un-vegetated soils was almost close to the 
dissipation in cultivated pots after 90 days compared to the results after 30 days.  
It’s observed that the dissipation of Phenanthrene, Fluoranthene, and Pyrene in the limy 
soils collected from the controlled soils (unvegetated pots) was not constant. This might be 
related to the characteristics of this soil, compared to the sandy soils where constant 
dissipation was observed.  In contrast to sandy soil the spike of PAHs in this type of soil 
was not homogenized very well.  
PAHs could enter the plant directly through the roots or indirectly through the pores in its body 
(Petrová et al., 2017).  The concentrations of Phenanthrene, pyrene and fluoranthene in roots 
samples of booth plants were increased with time and with increasing the concentrations of these 
compounds in the soils for the most samples, Which in agreement with LIN, Q (2005).  
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4.4 The accumulation of PAH’s in the stems and leaves of Prosopis 
and Conocarpus trees. 
This part of the experiment was carried out to evaluate the ability of those two plants 
(Prosopis. juliflora and Conocarpus erectus) to absorb and accumulate PAHs 
(Phenanthrene, Pyrene and Fluoranthene) in the roots, stems and leaves. 
4.4.1 The concentrations of PAH’s in the Prosopis and Conocarpus stems 
The concentrations of Phenanthrene, Pyrene and Fluoranthene in stems of prosopis and 
conocarpus trees are shown in Figure 28 &  Figure 29 below. Where it was observed that 
no high correlation was observed in PAHs concentrations inside the stems with increase 
soils concentrations. Phenanthrene was higher in stems of both plants’ ether in sandy or in 
limy soils than the other compounds. This might be because of Phenanthrene has lower kow 
than Pyrene and Fluoranthene. Figure 28 & Figure 29 show the concentration of 
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4.4.2 The concentrations of PAH’s in the Prosopis and Conocarpus leaves: 
In this part of the plants, it was expected that no high concentrations of PAHs were 
accumulated in the leaves based on the previous studies. It was observed that no correlation 
was observed with the increased concentration of these compounds in the leaves. 
Phenanthrene was the highest compound in all the leaves samples from P. juliflora and C. 
erectus either cultivated in sandy or limy soils Figure 30 & Figure 31. Phenanthrene has 
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Figure 30: The concentrations of Phe, Pyr, and Flu in the leaves of Prosopis. 
Figure 31: The concentrations of Phe, Pyr and Flu in the leaves of conocarpus. 
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4.5 Removal of PAHs high concentrations contaminated soils: 
In order to observe the ability of the two plants (Prosopis juliflora and Conocarpus erectus) 
to remove PAHs high concentrations from sandy and limy soils, this experiment has been 
done in period of 2ed November 2018 to 2ed February 2019. Two different concentrations 
have been used. The initial concentrations in the soils after spike are shown in the Table 8. 
All experimental procedures that were carried out during the first experiment were repeated 
for this experiment. Except for the amount of contaminated soil (2 kilogram) and the 
selected soil's samples. However, samples were taken every 10, 20, 30,40, 70 and 90 days 
over a period of three months. 
Table 8: Mean concentrations of PAHs in soils after spike 
concentrations 5 ppm (µg/kg) 10 ppm (µg/kg) 
sandy limy sandy limy 
Phenanthrene 1933.6 2430 2019 3357 
Fluoranthene  2349.4 3277.5 5842 5098 
Pyrene  2439.5 3130.4 6236.7 4908 
 
4.5.1 Dissipation of PAHs (Phe, Flu and Pyr) from sandy and limy soils 
contaminated with 5ppm 
Sandy soil 
The results obtained showed that the removal of Phenanthrene (Phe) was achieved more 
rapidly and completely than the removal of Fluoranthene (Flu) and Pyrene (Pyr), especially 
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in sandy soils. Figure (Appendix, Figure 32) shows that more than 95 % of Phe 
concentration was removed after 10 days from sandy soils cultivated with both plants, in 
contrast to 90% of Phe being removed from unvegetated soil. This percentage was 
increased to more than 96%- 99% in the samples that were collected after 20, 30,40 and 90 
days from cultivated and non-cultivated soils.  
Samples collected after 10 days showed that removal percentage of Pyrene from the soil 
with an initial concentration of 2439µg/kg was 45%, 73% and 38% when planted with 
prosopis and conocarpus, as well as in the control uncultivated soil, respectively. Similarly, 
the percentage removal of Fluoranthene from sandy soil with initial concentration of 2349 
µg/kg was 77%, 69% and 38% when cultivated with prosopis and conocarpus, as well as 
in uncultivated soil, respectively.  
The percentage removal of PAHs from the sandy soil continued to increase with the 
number of days (Appendix, Figure 33 & Figure 34). Samples collected from 20 to 30 days 
revealed that the removal percentage of Pyr ranges from 57 to 79% for prosopis-cultivated 
soil, 97 to 98% for conocarpus-cultivated soil and 36% to 70 for non-vegetated soils. 
Meanwhile, the percentage removal of Flu from the sandy soil in samples collected after 
20 and 30 days was found to be the same 87% and 96% for prosopis and conocarpus, 
respectively. Regarding the removal percentage of Flu in non-vegetated soil, it was 
observed to be 43% after 20 days and 56% after 30 days. This percentage increased to more 
than 97 % in the samples collected after 90 days from cultivated and uncultivated soils. 
Limy soil: 
With an initial soil concentration of Phenanthrene of 2430 µg/kg, a decrease in this 
concentration to 1427 µg/kg (41% removal) was observed after 10 days in the limy soil 
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where prosopis was planted. However, during the same period of 10 days, the initial 
concentration reduced to 514 µg/kg (79%removal) in the limy soil cultivated with 
conocarpus while it was reduced to 1636 µg/kg (33% removal) in non-vegetated limy soils 
(Appendix, Figure 35). Moreover, the concentration of Phe in the samples collected after 
20 days decreased to 578 µg/kg (35% lower than in 10 days). Data obtained after 30, 40 
and 70 days revealed gradual increase in the removal percentage of Phe with time. At the 
end of the experiment (90 days), the removal percentages of Phe from limy soils were 94%, 
97% and 78% for prosopis, conocarpus and non-vegetated soils, respectively.  
Meanwhile, the results of samples collected after 10 days showed that 36%, 62% and 13% 
of Pyr were removed from limy soils for prosopis, conocarpus and non-vegetated soils, 
respectively (Appendix, Figure 37). Regarding Flu removal from limy soil, 38%, 63% and 
17% removal percentages were recorded for prosopis, conocarpus and non-vegetated soils, 
respectively (Appendix, Figure 36). After 20 days, the removal percentages were observed 
to increase to 63%, 68%, and 37% for both compounds (Pyr and Flu) in prosopis, 
conocarpus and non-vegetated limy soil, respectively. At the end of the experiment (90 
days), the removal percentages were 80%, 82% and 68% for Pyr and 85%, 86% and 78% 
for Flu from limy soils cultivated with prosopis and conocarpus as well as non-vegetated 
soils, respectively. 
4.5.2 Dissipation of PAHs (Phe, Flu and Pyr) from sandy and limy soils 
contaminated with 10 ppm 
Sandy soil:  
The results obtained (Appendix, Figure 38).  show that Phenanthrene removal was more 
rapidly and completely than that of Fluoranthene and Pyrene, especially in sandy soils. The 
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initial soil Phenanthrene concentration reduced from 2019 µg/kg to 196 µg/kg, 118 µg/kg, 
and 839 µg/kg for prosopis, conocarpus and non-vegetated sandy soils after 10 days, 
respectively. In other words, more than 90% and 94% Phe were removed after 10 days 
from sandy soils cultivated with prosopis and conocarpus, respectively, in contrast to 58% 
removal from unvegetated soil. These removal percentages were increased to more than 
98%, 98% and 96% in the samples collected after 30, 40, 70 and 90 days from sandy soils 
cultivated with prosopis and conocarpus, and non-cultivated soils, respectively.  
Meanwhile, the removal percentage of Pyrene from sandy soils cultivated with prosopis 
and conocarpus as well as the uncultivated soil after 10 days were found to be 86%, 84% 
and 44%, respectively. As for the removal of Fluoranthene during the same time period, 
82%, 78% and 44% removal percentages were recorded for sandy soils cultivated with 
prosopis and conocarpus as well as the uncultivated soil, respectively. The results after 20, 
30 and 90 days revealed progressive increase in the removal percentage of both 
compounds.  For instance, the removal percentage reached to 98%, 96% and 88% for 
Pyrene and 93%, 93% 74% for Phenanthrene after 30 days in prosopis, conocarpus and 
non-vegetated soils, respectively. These percentages increased to more than 99% in 
cultivated soils and 97 % in non-cultivated soils for the samples which were collected after 
90 days (Appendix, Figure 39 & Figure 40). 
Limy soil: 
After a period of 10 days, the concentration of Phenanthrene in limy soil decreased from 
initial level of 3357 µg/kg to 963 µg/kg (71% removal) and to 613 µg/kg (82% removal) 
where prosopis and conocarpus were planted, respectively while it decreased to 2436 
µg/kg (27%) in control (non-vegetated) limy soils. Phenanthrene dissipation continued to 
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increase with time (Appendix, Figure 41), especially in prosopis and conocarpus soils. In 
30 days, the removal percentages of Phe were 81%, 93%, and 33% for prosopis, 
conocarpus and control soils, respectively. At the end of the experiment (90 days), the 
residual of phenanthrene in limy soils cultivated with prosopis, conocarpus and non-
cultivated limy soils were 3.5%, 2% and 76% respectively.  
Meanwhile, the initial soil concentration of Pyrene decreased after 10 days from 4908 
µg/kg to 2041 µg/kg, 2715 µg/kg and 4798 µg/kg for prosopis, conocarpus and non-
vegetated limy soils, respectively. On the other hand, the initial soil concentration of 
Fluoranthene reduced from 5098 µg/kg to 2051 µg/kg, 2835 µg/kg and 4645 µg/kg for 
prosopis, conocarpus and non-vegetated limy soils, respectively. After 30 days, the 
removal percentages of Pyrene were 46%, 62% and 43% while the removal percentages of 
Flu were 47%, 60% and 9% for prosopis, conocarpus and non-vegetated soils respectively 
(Appendix,  Figure 42 & Figure 43). The results of the samples after 20, 40 and 70 days 
reveled that high residual compared to the samples after 10, 30 and 60 days, and this might 
be due to the presence of roots which hinder reaching the bottom of the containers. The 
residuals of Pyrene after 90 days were observed to be 37%, 15% and 24% in the soil 
cultivated with prosopis and conocarpus and also in the control non-vegetated soils, 
respectively. Similarly, the residuals of fluoranthene were 32%, 16%, and 48%. 
4.5.3 Accumulation of PAHs inside the plants 
Concentrations of Phenanthrene, Fluoranthene and Pyrene after 90 days in prosopis and 
conocarpus roots are shown in (Appendix, Figure 44) 
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At low initial soil concentration, the amounts of the three compounds accumulated in 
C.roots cultivated in sandy soils were very low. In contrast, the concentration of Phe, Pyr 
and Flu accumulated in P.roots cultivated in sandy soil were 140 µg/kg, 1699 µg/kg and 
2402 µg/kg respectively.  
Roots concentrations of Phenanthrene, Pyrene and Fluoranthene were higher in both plants 
cultivated in limy soils. Phe concentrations were 501 µg/kg and 1994 µg/kg in C.roots and 
P. roots respectively. The concentrations of Pyr were 1221 µg/kg and 2400 µg/kg for 
C.roots and P.roots, respectively. Meanwhile, Fluoranthene concentration in C. roots and 
P. roots were 1612 µg/kg and 3185 µg/kg respectively. Pyrene and Fluoranthene 
concentrations were much higher in C.roots cultivated in limy soils compared to sandy 
soils. 
At high initial soil PAHs concentration, Phenanthrene concentration was very low in 
C.roots cultivated in sandy or limy soils and also in P.roots cultivated in sandy soil 
(Appendix, Figure 45). It was observed that the concentration Phe accumulated in P. roots 
cultivated in limy soils was higher than that of Pyr and Flu accumulated in C. roots 
cultivated in sandy soils and limy soil as well as in P. roots cultivated in sandy soils. The 
accumulation of Fluoranthene was the highest among the three compounds in roots of both 








CONCLUSIONS AND RECOMMENDATIONS 
5.1  CONCLUSIONS 
This study was conducted on the main nursery of King Fahd University of Petroleum and 
Minerals (KFUPM), Dhahran, Saudi Arabia. One of the main objectives of conducting this 
study is to mimic the real situation in the environment. So, this location was selected 
because it has irrigated system and can provide a protection from external effects, such as 
winds. Two selected plant species, namely (i) Conocarpus Erectus and Prosopis Julifora 
(legume plant). These plants were adapted to the Arabian Peninsula harsh weather. The 
main goal of this study was to investigate and evaluate the ability of these two plants to 
remediate two soils (Sandy and Limy) contaminated by selected PAHs compounds with 
three different concentrations (Low, Medium, and High). This study was conducted in 
KFUPM nursery for three months, every month there was a sampling campaign for of 12 
plants (6 from each plant). The results show that both plants accelerated the dissipation of 
Phenanthrene, Pyrene and Fluoranthene from both soils. It was clear that most of the 
removal was observed in the samples collected after 30 days. Also, plants accumulated of 
these compounds in their roots more than in the stems or leaves. Prosopis juliflora shew 
more ability to absorb these chemicals from soils than Conocarpus. This could be because 
of Prosopis has nitrogen-fixed bacteria which may played main role on the degradation 
these chemicals.   
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5.2  RECOMMENDATIONS 
In order to build upon the findings in this study and to better understand the utilization of 
the invasive plants for phytoremediation, the following recommendations are proposed: 
1. Different concentrations of PAHs should be tried. 
2. The phytoremediation potential of the plants used in this study should be evaluated for 
Petroleum hydrocarbons and Heavy metals 
3. The effect of microorganisms on the dissipation of PAHs should be evaluated. 
4. Different cultivation methods should be tried, where in this study metallic containers 
without pores were used. So, we suggest using different containers or real plots for the 
study. 
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FLUORANTHENE IN SANDY SOILS
Prosopis Conocarpus control
Figure 32: Removal of Phe in sandy soils  
















































PHENANTHRENE IN LIMY SOILS
Conocarpus Prosopis Control
Figure 34: Removal of Pyr in sandy soils 


















































PYRENE IN LIMY SOILS
Conocarpus Prosopis Control
Figure 36: Removal of Flu in limy soils 
Figure 37: Removal of Pyr in limy soils 
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FLUORANTHEN IN SANDY SOILS
Prosopis conocarpus control
Figure 38: Removal of Phe in sandy soils 



































PYRENE IN SANDY SOILS
Prosopis conocarpus control

































































PYRENE IN LIMY SOILS
Prosopis conocarpus control
Figure 42: Removal of Flu in limy soil 
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Figure 44: Accumulation of PAHs (phe, flu and pyr) low concentrations in the plant’s roots and stems 
at the end of the experiment (90 d). 
Figure 45: Accumulation of PAHs (phe, flu and pyr) high concentrations in the plant’s roots and stems 
at the end of the experiment (90 d). 
